Background: Evidence that different neuropsychiatric conditions share genetic liability has increased interest in phenotypes with 'cross-disorder' relevance, as they may contribute to revised models of psychopathology. Cognition is a promising construct for study; yet, evidence that the same cognitive functions are impaired across different forms of psychopathology comes primarily from separate studies of individual categorical diagnoses versus controls. Given growing support for dimensional models that cut across traditional diagnostic boundaries, we aimed to determine, within a single cohort, whether performance on measures of executive functions (EFs) predicted dimensions of different psychopathological conditions known to share genetic liability. Methods: Data are from 393 participants, ages 8-17, consecutively enrolled in the Longitudinal Study of Genetic Influences on Cognition (LOGIC). This project is conducting deep phenotyping and genomic analyses in youth referred for neuropsychiatric evaluation. Using structural equation modeling, we examined whether EFs predicted variation in core dimensions of the autism spectrum disorder, bipolar illness, and schizophrenia (including social responsiveness, mania/emotion regulation, and positive symptoms of psychosis, respectively). Results: We modeled three cognitive factors (working memory, shifting, and executive processing speed) that loaded on a second-order EF factor. The EF factor predicted variation in our three target traits, but not in a negative control (somatization). Moreover, this EF factor was primarily associated with the overlapping (rather than unique) variance across the three outcome measures, suggesting that it related to a general increase in psychopathology symptoms across those dimensions. Conclusions: Findings extend support for the relevance of cognition to neuropsychiatric conditions that share underlying genetic risk. They suggest that higher-order cognition, including EFs, relates to the dimensional spectrum of each of these disorders and not just the clinical diagnoses. Moreover, results have implications for bottom-up models linking genes, cognition, and a general psychopathology liability. Engeland, 2005) show EF decrements compared to controls. Yet, the conclusion that EFs are impaired in a wide range Conflict of interest statement: See Acknowledgements for disclosures.
Introduction
Recent large-scale genomic analyses (Lee et al., 2013; PGC Cross Disorder Group, 2013) echo results from behavioral genetic and phenotypic modeling studies (Caspi et al., 2013; Lahey et al., 2012; Lichtenstein et al., 2009 ) in suggesting an underlying relationship between neuropsychiatric conditions that our current diagnostic system considers distinct. Such findings have implications for an improved understanding of shared risk mechanisms that could be targeted for intervention, as well as for a revised psychiatric nosology (Cuthbert & Insel, 2013 ) that acknowledges a general psy-chopathology liability. Phenotypes with relevance across multiple diagnoses are therefore important to study, as they could help to advance these lines of research.
Executive functions (EFs), including working memory, mental flexibility, verbal fluency, and inhibition, are promising candidates for further cross-disorder investigation. For example, in meta-analyses, individuals with schizophrenia (Fioravanti, Bianchi, & Cinti, 2012) , bipolar disorder of neuropsychiatric conditions relies largely on extrapolation from separate studies that focused on single diagnoses. Although meta-analyses that have taken a multidiagnostic approach suggest that EFs are indeed impaired across different conditions (Lipszyc & Schachar, 2010; Stefanopoulou et al., 2009; Willcutt, Sonuga-Barke, Nigg, & Sergeant, 2008) , the limited number of investigations across disorders within the same sample (for an exception see David, Zammit, Lewis, Dalman, & Allebeck, 2008) has hindered direct examination of whether cross-disorder EF impairment could be an artifact of the comorbidity that is so common in psychiatry.
A second limitation of the prior literature is that studies have predominantly focused on categorical diagnoses. Yet, as highlighted by NIMH's Research Domain Criteria (RDoC) initiative (Cuthbert & Insel, 2013) , there is growing evidence for the dimensional nature of psychiatric illness. Whether EFs associate with quantitative dimensions relevant to different psychopathological conditions has only been examined to a limited extent. Furthermore, to our knowledge, such work has focused on relatively common conditions in youth that tend to be grouped within closely related domains of psychopathology (e.g., across different externalizing disorders -ADHD, conduct disorder, and substance use; Castellanos-Ryan et al., 2014) or across different types of learning disorders (e.g., ADHD and dyslexia; McGrath et al., 2011) .
In the current article, we extend the examination of EFs and dimensions of psychopathology to aspects of severe and conceptually distinct conditions that have recently been found to share underlying genetic risk: schizophrenia, bipolar disorder, and ASD. Although the DSM-based diagnoses associated with these conditions are less common than other forms of psychopathology that have been modeled dimensionally in relation to EF, there is strong evidence that their symptoms also lie on a continuum (Constantino, 2009; van Os, Linscott, Myin-Germeys, Delespaul, & Krabbendam, 2009 ). Moreover, twin and family data strongly implicate EFs in their underlying liability (Bora, Yucel, & Pantelis, 2009; Fombonne, Bolton, Prior, Jordan, & Rutter, 1997; Owens et al., 2011; Toulopoulou et al., 2007) . Thus, given the prior literature, we hypothesized that EFs would associate with dimensions of these different conditions in a sample of youth referred for neuropsychiatric evaluation. Developing models of shared liability that include these phenotypes is important from a public health perspective, given that they relate to severe forms of psychopathology that can have a devastating impact on social and occupational functioning (Howlin, Savage, Moss, Tempier, & Rutter, 2014; World Health Organization, 2001 ).
Method

Participants
Participants were all youth enrolled in the Longitudinal Study of Genetic Influences on Cognition (LOGIC) at the time of analysis (n = 393) who were between the ages of 8:0 and17:11. LOGIC is an ongoing project that combines deep cognitive and psychiatric phenotyping with genomic analyses in a clinical cohort of children and adolescents. The study ascertains consecutive, English-speaking referrals for a comprehensive neuropsychiatric evaluation at a pediatric assessment clinic within the Psychiatry Department at Massachusetts General Hospital (MGH) in Boston. Patients are referred for documentation of cognitive and psychiatric strengths and weaknesses to aid in differential diagnosis and/or treatment planning. To enroll, participants must provide a DNA sample and access to their clinical data. Parents provide written informed consent, and youth provide written assent. Study procedures were approved by the MGH/Partners Institutional Review Board.
In order to amass dimensional psychiatric and cognitive phenotyping on a large clinical sample in a cost-efficient manner, study personnel supplement standardized assessments taking place in this clinical setting to cover an a priori designated set of cognitive and psychiatric dimensions. Diagnoses from the clinical record and demographic and cognitive features of the sample are provided in Table 1 . Given the clinical nature of the sample, a portion of youth (45%) were taking psychotropic medication at the time of testing (see Table S1 ). Table 2 shows the cognitive measures from our source study reflecting general intellectual ability and EFs. All measures were population-normed, have established reliability and validity, and are used in both research and clinical practice.
Executive functions and IQ
Confirmatory factor analysis (CFA). Our CFA modeled core domains of EFs from previously established theoretical (Lesh, Niendam, Minzenberg, & Carter, 2011; RDoC Cognitive Group, 2011) and latent variable models (Miyake & Friedman, 2012) . We modeled latent factors for working memory, shifting, and executive processing speed. Although processing speed is a distinct domain from EF, in practice, many processing speed measures, including those in the current battery, require working memory, attention, sequencing, abstract thinking, and the rapid coordination of these multiple functions. Because of the executive components of these tasks, we allowed for a relationship between EF and processing speed in our cognitive models (Cepeda, Blackwell, & Munakata, 2013) . Finally, because a continuous performance test was added in the middle of the study, the resultant sample size for this measure did not permit its inclusion in the current analyses.
IQ. We used an average of the Verbal Comprehension Index (VCI) and Perceptual Reasoning Index (PRI) from the Wechsler scales to reflect general cognitive ability. We chose this composite rather than full-scale IQ because the latter includes Working Memory and Processing Speed and we were interested in examining these constructs separately.
Target psychopathology traits
Social responsiveness. The Social Responsiveness Scale (SRS; Cronbach's a >.90 ; Constantino & Gruber, 2005) was used to operationalize social communication impairments that represent core features of ASD. This parent-report questionnaire includes 65 items rated on a 4-point Likert scale.
Mania/emotional dysregulation. The Child Mania Rating Scale (CMRS) is a parent-report form that assesses emotional dysregulation and manic symptoms that are characteristic of bipolar illness. It consists of 21 items rated on a 4-point Likert scale (Pavuluri, Henry, Devineni, Carbray, & Birmaher, 2006) . The CMRS contains three positive symptoms of psychosis, which we dropped to eliminate overlap with the Child Symptom Inventory-4th Edition (CSI-4) scale (below). Our resultant CMRS measure (Cronbach's a = .89) thus reflected the sum of all remaining items and was independent of psychosis.
Positive symptoms of psychosis. The CSI-4 is a parent-report rating scale that screens for behavioral and emotional symptoms reflecting a range of child psychiatric diagnoses (Gadow & Sprafkin, 2002) . Items are rated on a 4point Likert scale. The CSI assesses psychosis with five items (i.e., strange ideas or beliefs, auditory hallucinations, illogical thoughts/ideas, laughs/cries inappropriately or shows no emotion, and does extremely odd things). We summed these items to create our psychosis scale (Cronbach's a = .62).
Negative control
Somatization. We assessed a fourth neuropsychiatric dimension, somatization, as a negative control in order to determine the impact of method variance from parent reports. We chose this construct because (a) there is minimal evidence of association between EFs and somatization in the literature (Niemi, Portin, Aalto, Hakala, & Karlsson, 2002) ; (b) large-scale phenotypic modeling suggests that somatization is best conceptualized as separate from other aspects of psychopathology (Kotov et al., 2011) ; and (c) somatization was evaluated via a questionnaire that was separate from those through which we assessed our target traits. Specifically, we assessed this construct using the Somatic Complaints scale from the Child Behavior Checklist (CBCL; 6-18; Cronbach's a = .78; Achenbach, 2009).
Analytic plan
Structural equation modeling (SEM) analyses were run with Mplus-version 7 (Muth en & Muth en, 2011) using maximum likelihood estimation and full information maximum likelihood to handle missing data. Missing data ranged from 6% to 30% with covariance coverage exceeding 60% for all variables. Residual errors from closely related tasks (i.e., Trails Sequencing and Trails Switching) were permitted to correlate to allow for test-specific factors. Because v 2 tests are sensitive to sample size, we relied on the following fit indices and guidelines: Comparative Fit Index (CFI) > 0.95, Root Mean Square Error of Approximation (RMSEA) < 0.05, Standardized Root Mean Residual (SRMR) < .08 (Loehlin, 2004) . For comparing non-nested models, Akaike Information Criterion (AIC), and Bayesian Information Criterion (BIC) were used as indices of absolute fit.
Our analytic plan consisted of six steps. First, we established the most parsimonious CFA of EFs. Second, we tested whether EFs predicted variation across the three different neuropsychiatric dimensions of interest. Third, in order to further understand the cognition-psychopathology relationship, we evaluated whether this prediction related primarily to the shared or unique variance among the neuropsychiatric dimensions. Fourth, we tested the robustness of the relationship between EFs and the psychopathology dimensions using covariate and multigroup analyses that accounted for sample variability in age, ADHD diagnosis, and medication use. Fifth, we separately evaluated the relationship between general cognitive ability (IQ) and the psychopathology outcomes. Finally, we tested the relationship between EFs and somatization as a negative control.
Data cleaning
All variables were continuously distributed, norm-referenced standardized scores except the CSI-psychosis and CMRS scales, (2003); TMT = Trail Making Test (Delis et al., 2004) .
which were derived for these analyses. For these latter variables, we tested for their association with age and gender. There were no significant associations; however, because there was a trendlevel result for the CMRS correlating with age (r = À.12, p = .054), we used a residualized score in our analyses. Thus, all variables in the analyses were fully independent of age. Negative correlations were predicted between the cognitive and psychopathology outcomes because high scores indicated better performance on cognitive tests but worse functioning on psychopathology scales (see Tables S2 and S3 ). Each variable was inspected for normality, outliers (≥4 SD), and restricted range (see Table S4 ). Only the psychosis variable was notably positively skewed. Transformation did not fully normalize the distribution; however, follow-up models using a dichotomized version of the variable and the maximum likelihood estimator with robust standard errors (MLR) suggested that the nonnormal distributions did not unduly influence results.
Results
Confirmatory factor analysis to model executive functions
We considered two equivalent models, a first-order CFA (see Figure S1 ) and a hierarchical CFA (see Figure 1 ) with identical and excellent fit statistics. Parsimony and high correlations among the latent factors (r = .68-.87) led us to select the hierarchical model for further analyses. In this model, shifting had a particularly high loading that could be fixed to 1 (standardized loading) without a significant decrease in model fit, Dv 2 = 0.11, Ddf = 1, p = .74, which was not the case for the processing speed or working memory factor loadings (processing speed: Dv 2 = 12.51, Ddf = 1, p < .001; working memory: Dv 2 = 15.38, Ddf = 1, p < .001). This result indicated that the higher-order executive factor completely accounted for cognitive shifting ability, whereas the other two factors maintained nonoverlapping variance with the factor. This hierarchical model fit the data better than a first-order, single-factor model in which all the indicators loaded on a single factor (see Figure S2 ), which supports the existence of a substructure underlying the overarching EF domain. We use the term 'common executive' (CE) to refer to this higher-order construct, consistent with similar models by Miyake and colleagues (Friedman et al., 2008; Miyake & Friedman, 2012) .
Relationship between executive functions and neuropsychiatric dimensions
The CE factor was significantly, although modestly, associated with each of our three target psychopathology outcomes (Figure 2 ). To further dissect this cross-domain prediction, we then examined whether the CE factor predicted the variance that was shared among the psychopathology outcomes by constructing a latent 'general psychopathology' factor. As depicted in Figure 3 , the CE factor significantly predicted the general psychopathology factor, and there was good overall fit of the model. The CE accounted for about 6% of the variance in the general psychopathology factor (Figure 3 ), whereas it accounted for 2-3% of the variance in the psychopathology dimensions considered individually ( Figure 2) . The model restricting prediction to the shared variance among the psychopathology dimensions ( Figure 3 ) was more parsimonious and yet not a worse fit to the data, indicating that there was minimal unique variance contributing to the prediction of each individual scale. Furthermore, additional models did not suggest that the CE was significantly associated with the unique variance of any of the symptom dimensions. Rather, the relation between the CE factor and the psychopathology dimensions was primarily with the shared variance among the psychosis, mania, and social responsiveness symptom dimensions, despite the absence of shared symptoms among the scales.
To examine the potential influence of sample variability in age, diagnoses, and medication use, we conducted two sets of follow-up analyses. The first covaried for the effects of these factors and the second investigated potential moderating effects of these factors (see Appendix S1). In the covariate analyses, we examined the impact of the most common psychiatric diagnosis in the sample (ADHD) and current psychotropic medication use (both for any medication and for stimulants, which were the most common type). Age was not included as a covariate because each of the cognitive and psychiatric variables was standardized by age, either within our sample or using test norms. Results showed that covarying for ADHD and medication/ stimulant use did not reduce the strength of the relation between the CE factor and the general psychopathology factor (structural paths of À.25, À.27 in Figures S3 and S4 , compared to À.24 in Figure 3 ). Next, we employed multigroup SEM to examine potential moderating effects of age, ADHD, and current psychotropic medication (both any medication and stimulant use) on the relation between the CE factor and the general psychopathology factor. Results showed that the structural path was statistically equivalent across all four grouping variables and comparable in effect size, even after accounting for minor differences in factor loadings between groups (see Tables S5 to S8 ). Accepting the limits of sample size for these multigroup analyses and the impossibility of proving the null hypothesis, these results support a stable relation between the CE factor and general psychopathology factor despite sample variability in age, ADHD, and psychotropic medication use.
Covariation with general cognitive ability
The CE factor was highly correlated with our IQ composite, r = .89, p < .001. Correlations between the IQ composite and the lower-order EF factors were also strong (working memory/fluency r = .85, p < .001, shifting r = .86, p < .001, processing speed r = .65, p < .001). Collinearity prevented an exami-nation of the relationship between the CE and the general psychopathology factor after controlling for IQ. Therefore, we compared the variance accounted for in the psychopathology outcomes when IQ versus the CE factor was used as the predictor. IQ accounted for 1-3% of the variance in the individual psychopathology dimensions, which was comparable to the models with the CE. IQ accounted for a smaller amount of variance in the general psychopathology factor (4%) compared to the CE factor (6%). This modest difference could indicate slightly greater relevance of EF across different psychopathology constructs but could also reflect the stronger psychometric properties of the latent CE factor compared to the single indicator of IQ.
Specificity of the cross-domain prediction
We aimed to rule out parent-report halo effects by testing parent-reported somatization, which we hypothesized would not significantly relate to EFs. This hypothesis was confirmed in a model where the CE was related to the CMRS, SRS, CSI-psychosis, and somatization scales simultaneously. Somatization was correlated with the other psychopathology scales (r's~.29-.30, p < .001) but was not significantly associated with the CE (standardized b = 0.06, p = .32).
Discussion
In a consecutively referred child psychiatric cohort, variation in EFs predicted variation across social responsiveness, mania/emotional dysregulation, and positive symptoms of psychosis. These traits represent core features of autism spectrum disorder, bipolar illness, and schizophrenia, respectively, which are conditions that have recently been shown to share underlying genetic liability. These data extend a growing literature relating higher-order cognition to dimensional components of different forms of neuropsychiatric illness. Furthermore, they Executive functions and neuropsychiatric dimensions support consideration of EFs in studies aiming to clarify the risk mechanisms shared across different forms of psychopathology.
Cross-domain association between EFs and dimensional neuropsychiatric traits
By evaluating dimensional constructs, the current results build on a large prior literature that has predominantly considered EFs in relation to individual psychiatric diagnoses versus controls. Our study extends the small literature on psychopathology dimensions in two key ways. First, we specifically targeted symptoms of severe forms of neuropsychiatric illness which are rarely investigated dimensionally in relation to variation in EF. We specific chose dimensions of autism spectrum disorder, bipolar illness, and schizophrenia because they have recently been confirmed to share underlying genetic risk. Previously, only a handful of studies have addressed EF in relation to dimensions across disorders, and these studies have included more prevalent conditions that tend to be grouped within the closely related domains of psychopathology. To our knowledge, this is the first study that has extended an association with EF across dimensions of multiple, rare, and severe neuropsychiatric conditions whose shared liability has been implicated in crossdisorder genetic studies. Such work represents an important step toward understanding the nature of this shared risk. Second, by testing multiple psychopathology outcomes simultaneously, we show that EF was most strongly associated with the covariance of the dimensions, i.e., with a general increase in symptomatology across the three domains of social responsiveness, emotional regulation, and psychosis, represented as a 'general psychopathology' factor. Follow-up analyses indicated that the relationship between the CE factor and this general psychopathology factor was robust despite sample variability in age, ADHD, and medication use. Such a general psychopathology factor is consistent with recent empirically-derived models of the structure of psychopathology (Caspi et al., 2013; Lahey et al., 2012) , and was labeled the 'p factor' by Caspi et al. (2013) . Our findings suggest that there is a relationship between cognition and such a trait, at least as it relates to dimensions of ASD, mania, and psychosis.
Relevance to RDoC and a reconceptualized psychopathology
If replicated, the current data have implications for future studies that aim to use 'cross-disorder' genetic findings to develop revised models of psychopathology (Lee et al., 2013; PGC Cross Disorder Group, 2013) . Currently, it is not known whether cross-disorder genetic variants act on a specific intermediate phenotype that increases risk for each disorder and/or whether the same set of genetic risk factors increases risk for different disorders in different people as a function of other genetic and environmental factors. Although these explanations are not mutually exclusive, it is important to identify potential mediators, because such phenotypes have implications for developmental models and early intervention. Our findings support the consideration of models that integrate genes, aspects of higherorder cognition that include executive functions, and a general liability to psychopathology. These data could thus help to inform a psychiatric nosology constructed from the bottom up, such as promoted by NIMH's RDoC (Cuthbert & Insel, 2013) .
It is noteworthy that the association between EFs and psychopathology in our sample was significant but modest in magnitude (6% of variance). This result suggests that executive cognition may be only one of several risk factors that contribute to a general psychopathology liability. Nevertheless, a modest relation between cognition and psychopathology does not preclude a strong genetic contribution to their (Owens et al., 2011; Toulopoulou et al., 2007) . Thus, even the modest variance explained may be fruitfully examined in future genetic studies.
In further studies, inclusion of other components of the EF construct, including inhibition, as well as overlapping constructs such as attention/vigilance may add to the variance explained in psychopathology, as could the examination of multiple traits relevant to particular psychopathological conditions of interest (e.g., negative and positive symptoms of psychosis). Moreover, the models we developed could be extended to include common and frequently comorbid psychopathologic conditions (e.g., ADHD, anxiety, OCD) to broaden our understanding of a general psychopathology factor. Similarly, another important future direction is to clarify the relationship that specific learning disorders, such as dyslexia, have with both EFs and psychopathology. Nevertheless, for this study, we focused on variance shared by core symptom dimensions of severe conditions (a) that are considered distinct in our current diagnostic system; (b) that are now known to share aspects of their genetic etiology; and (c) and that have not been investigated in the same sample in relation to EFs. As such, documenting cognitive predictors of shared variance among these dimensions is quite novel.
Consistency with prior models of executive functions
Our EF measures overlap with primary models of the EF construct from the literature and tap aspects of cognitive control as represented in RDoC. As in our data, previous models of EF have specified an executive construct that wholly subsumes some subcomponents but partially overlaps with others (Miyake & Friedman, 2012; RDoC Cognitive Group, 2011) . Miyake and colleagues have described the 'unity and diversity' of EFs (Friedman et al., 2006; Miyake et al., 2000) which is consistent with our finding that the executive tasks clustered into a hierarchical factor structure. Our finding that the processing speed latent factor loaded highly on the CE factor is also consistent with the literature, showing that many processing speed measures for children are correlated with EFs (Cepeda et al., 2013; McGrath et al., 2011) . Indeed, in earlier versions of the Wechsler IQ tests, the Coding and Digit Span tasks loaded on the same factor (Wechsler, 1974) . Consistent with these findings, our study found that the correlations between the executive processing speed factor with more 'classic' EF constructs, such as shifting and working memory, were comparable to the correlations of the EF constructs with each other. This result highlights the challenges of 'task impurity' when measuring complex cognitive processes and points to the utility of latent factor models in isolating shared variance among diverse tasks.
Overlap with IQ
There is strong evidence that EF and general cognitive ability overlap both conceptually (Diamond, 2013) and neuroanatomically (Colom et al., 2013) , but are nonetheless separable constructs. Although it was our intention to examine whether EFs associate with neuropsychiatric symptomatology independent of general cognitive ability, we were not able to disentangle these constructs in our dataset. The individual factors were more highly correlated with each other (r~.7-.9) and with IQ (r = .89) than in previous studies using similar latent models with more circumscribed cognitive neuroscience measures of EF (Friedman et al., 2006) . It is possible that the use of subtests from the Wechsler Intelligence battery across the constructs of IQ and EF contributed to their higher correlation through method variance. It may also be the case that the clinical nature of the sample inflated the correlations among our cognitive measures, as children with multiple cognitive problems are more likely to come to clinical attention. Further work with more precise measures of EF is needed to disentangle the predictive value of the shared and unique variance between EF and IQ as it relates to psychopathology. Nonetheless, our data extend the literature by showing that aspects of higher-order cognition are related to several dimensions of severe neuropsychiatric illness and possibly to general psychopathology risk.
Methodological considerations and limitations
Although a potential concern regarding our selection of psychopathology dimensions is that the diagnoses of bipolar disorder and schizophrenia occurred at low base rates in this sample, our focus on quantitative dimensions of psychopathology is predicated on variance rather than diagnostic rates. This neuropsychiatrically referred sample had evidence of relevant subclinical psychopathology as indicated by high rates of NOS mood diagnoses (15%) and, in the case of psychosis, the fact that 34% and 22% of the sample endorsed one or more or two or more positive symptoms, respectively. Thus, the quantitative variation in the sample was sufficient.
We took several steps to rule out the impact of method and measurement variance on the relation between cognition and psychopathology. As noted, our three target measures were based on parental reports. Although method variance from parent report requires consideration, parents are critical informants for youth samples in clinical and research practice. By showing that cognition was not significantly associated with somatization, which lacks a strong link to EFs (Niemi et al., 2002) , we provided evidence that the relationship between the CE and the general psychopathology factor was not simply a 'halo effect' of parental reports (Cooper, 1981) . In addition, we removed overlapping items from the scales and used traits from distinct questionnaires to diminish the impact of common measurement variance on cross-domain predictions.
Our findings should, however, be interpreted in light of some limitations. First, given our use of a clinical sample, our results cannot be presumed to reflect the relationship between cognition and psychopathology in the general population. Still, this possibility warrants consideration, as there is precedent in the literature for similarity between the structure of psychopathology in outpatient clinical cohorts and more representative samples (Kotov et al., 2011) . Nevertheless, our sample is unique and useful for the purposes of these analyses in that it manifests considerable variation across cognitive and psychiatric phenotypes that have not previously been modeled together in the literature. Furthermore, it allows us to address the relationships between EF and dimensions of severe neuropsychiatric illness in youth who present for clinical evaluation. Gaining a better understanding of these relationships in clinical samples may help to refine targets for intervention. For example, it has been hypothesized that interventions that remediate cognition may improve psychopathological outcomes (Insel, 2010) , and this possibility would be worthy of further consideration if evidence for the relationship between EF and a range of neuropsychiatric symptomatology continues to grow. Of course, due to the cross-sectional nature of our project, we cannot rule out the possibility that variation in EF is actually a sequela of psychopathology; however, studies of unaffected relatives of individuals with diagnoses relevant to our analyses suggest that cognition is more likely relevant to underlying liability and thus important to consider in studies aiming to elucidate risk.
A second issue regarding the clinical nature of the sample is the potential for restricted range of cognitive and psychiatric measures, such that the sample may have over-representation of moderately to severely affected children. We do not believe restricted range was a serious concern because the standard deviations of norm-referenced tests were largely the same as population samples. Nevertheless, if restricted range did influence the results, we note that it would make it more difficult to detect a relationship between higher-level cognition and the psychiatric dimensions, thereby suggesting that our results may have underestimated the relationship.
Third, we acknowledge that examining relationships between cognition and psychopathology in a medication-na€ ıve sample would be beneficial, but we also note that such a sample would have compromised external validity. We comprehensively examined the impact of medication use on our findings through covariate and moderator analyses and to the extent possible, ruled out the confounding effects of medication use in this sample.
Finally, incorporation of additional measures grounded in cognitive neuroscience could strengthen our measurement of EF domains and determine their separable contribution to our outcomes over and above IQ, which we were not able to do. Nonetheless, the measures we employed are relevant to the prior literature on which we are building, are widely used in clinical practice with children, and have the advantage of well-established reliability and validity in youth samples. Thus, they provide an important first step in our inquiry into the role of higher-order cognitive processes in cross-disorder mechanisms.
Conclusions
In clinically-referred children and adolescents, variation in EFs predicted variation in quantitative traits from three different psychopathological conditions that share genetic risk. Importantly, EFs were associated with the shared variance among the traits, suggesting a relationship with a general psychopathology construct. These data justify further studies that can clarify relationships between specific genetic pathways, executive cognition, and diverse presentations of psychopathology.
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